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IntercalationAbstract Polyaniline nanocomposites were prepared via in situ emulsion polymerization in the
presence of Na+ montmorillonite (Na+MMT). For achieving this purpose the clay was organoph-
ilized to (MMT-CTA) form using cetyltrimethyl ammonium bromide (CTAB). The X-ray diffrac-
tion (XRD) demonstrated that the basal space of Na+-montmorillonite increased after the
organophilization from 11.21 to 19.35 A˚. Polyaniline/montmorillonite (PAn/MMT) nanocompos-
ites were prepared by intercalating the emulsion of aniline monomer with treated organically layers
of (Na+-MMT) using ammonium peroxydisulfate (APS) as an initiator. Furthermore aniline
hydrochloride (AnHCl) was used as a modiﬁer and monomer to prepare PAn/H+MMT nanocom-
posites by cation exchange of the anilinuim moiety with the sodium ion inside the basal spaces
which enlarged after the polymerization process to 35 A˚ as evidenced from X-ray diffraction
(XRD). The d-spacing of the PAn/H+-MMT nanocomposite was found to become wider about
23.79 A˚ than that of the pure Na+-MMT, and successful intercalation or exfoliation of PAnH+
into Na+-MMT layers. The prepared PAn/MMT nanocomposites were characterized by thermal
gravimetric analysis (TGA), scanning electron microscope (SEM), and transmission electron micro-
scope (TEM). The electrical property measurements showed an enhancement in the conductivity
values of the prepared nanocomposites especially on using AnHCl monomer to be in the order
of 101 S/cm.
ª 2014 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Polyanilines have attracted much attention in view of scientiﬁc
interest, easy availability of raw materials, simple and easy
preparation path ways, light weight, good environmental sta-
bility, and resistance to corrosion and lower cost apart the
added advantage that they can afford. Many articles were re-
ported concerning various methods of preparation, character-
Scheme 1 Conducting PAn in the protonated emeraldine salt, (green color) as well as deprotonated in alkalis to the corresponding
emeraldine base, which is blue and non-conducting.
772 M.A. Abd El-Ghaffar et al.izations and current commercial applications (Youssef et al.,
2012a,b; Haroun and Youssef, 2011; Abd El-Ghaffar et al.,
2006; Wazzan et al., 2005; Ismail et al., 1998; Chiang and Mac-
Diarmid, 1986). The most promising and recent technological
applications include fuel and solar cells (Jang et al., 2005),
optical and microelectronic devices (Huang et al., 2003), sen-
sors (Hosseini and Entezami, 2001), catalysts, drug delivery,
energy storage systems, electrodes (Gharibi et al., 2006; Cao
et al., 2002), photonic devices (Youssef et al., 2010) and pack-
aging applications (Youssef, 2014).
However, PAn prepared in the inorganic acid media by
chemical oxidation polymerization has some drawbacks, that
it is inherently brittle and poor in process ability due to itsScheme 2 Schematic represents the cation-exchange reaction betwee
well as by in situ intercalative polymerization of aniline hydrochlorideinsolubility in common organic solvents. The limited industrial
applications of polyaniline (PAn) are due to its poor solubility
(Ingana¨s and Lundstro¨m, 1987). The oxidation of aniline in
acidic aqueous media using ammonium peroxydisulfate as oxi-
dant has become the most widely used synthetic route to con-
ducting PAn and is obtained as the protonated emeraldine salt,
(green color). It is deprotonated in alkalis to the corresponding
emeraldine base, which is blue and non-conducting
(Scheme 1).
To overcome the process ability drawbacks of PAn by
enhancing its solubility, Osterholm et al. (1993, 1994) have
adapted emulsion polymerization route to prepare processable
conducting polyaniline with good solubility, wherein aniline isn the montmorillonite and Cetyltrimethyl ammonium bromide as
.
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polar organic solvent in the presence of dodecylbenzenesulfon-
ic acid (DBSA) as protic acid & surfactant and ammonium
peroxydisulfate as oxidant. Literature survey indicated that
there are a lot of articles reporting thermoplastic and thermo-
set polymers/clay nanocomposites (Abdel Rehim et al., 2010;
Porter et al., 1997; Faguy et al., 1994), while it is very poor
about PAn/clay nanocomposites. By the way, the PAn/clay
nanocomposites with different combinations of the two com-
ponents have attracted more and more attention, since they
have interesting physical properties and many prospective
applications. The most widely utilized clay is the montmoril-
lonite (MMT) for its large cation exchange capacity. On the
other hand, PAn is not molten in nature and normally is insol-
uble in common solvents, on the other hand, clay particles are
easily aggregated due to their high surface energy. The concept
upon which nanocomposites were built, is based on conducting
a polymerization process in the basal space of the clay, which
is of a nanometric range (Youssef et al., 2013), consequently
the preparation of PAn/clay nanocomposites by conventional
blending or mixing in solution or melt form becomes very dif-
ﬁcult. A number of methods have been used to prepare PAn/
clay nanocomposite, the commonly used method to prepare
the nanocomposite is the intercalation of aniline (aniline
hydrochloride) into the gallery of clay layers followed by
in situ polymerization (Kim et al., 2002; Nascimento et al.,
2002; Leroux et al., 1997; Giannelis, 1996; Kerr et al., 1996;
Allcock, 1992). Emulsion polymerization is also used for the
preparation of PAn/clay nanocomposite (Bi et al., 2008;
Ruiz-Hitzky et al., 1995) where the emulsiﬁer in the emulsion
system contributes to maximization of the afﬁnity between
hydrophilic host (clay) and hydrophobic guest (aniline). By
the way, PAn/clay nanocomposite may open an approach to
construct novel organic–inorganic hybrid systems showing
electrical conductivity as well as good physical properties
(Biswas and Sinha Roy, 2001). Moreover, during the last dec-
ade, an extensive research attention was compensated by the
synthesis and evaluation of polymer/Na+-MMT nanocompos-
ites through intercalative emulsion polymerization of different
monomers like aniline, thiophene, and pyrrole as well as using
diverse emulsiﬁers such as sodium dodecylsulfate (SDS)Figure 1 FTIR spectra nanocomposites of untreated (MMT) as well a(Jeevananda et al., 2008) or cetyltrimethylammonium bromide
(CTAB). Lately, Choi et al. (2001) constructed nanocomposite
of polyaniline (PAn) based on Na+-MMT clay by emulsion
polymerization using dodecylbenzenesulfonic acid (DBSA) as
an emulsiﬁer and ammonium peroxydisulfate (APS) as an ini-
tiator. Kim et al. (1999) have used emulsion polymerization
pathway to synthesize PAn/clay nanocomposite in which
DBSA was used not only as dopant but also as an emulsiﬁer.
The ratio of clay to aniline was ﬁxed as 15-wt%. The XRD
study of PAn/clay nanocomposite revealed that PAn was
doped with DBSA, also, the intercalation between
Na+-MMT layers and PAn–DBSA in the nanoscale level.
Moreover, it was demonstrated that quasi one-dimensional
changeable range hopping model affords the excellent ﬁt for
PAn/clay nanocomposite.
The present study is focusing on the synthesis of PAn/Na+-
MMT nanocomposites via in situ emulsion polymerization of
aniline onto Na+-MMT nanoparticles and characterizing their
electrical properties. In addition, we intend to synthesize PAn/
Clay nanocomposites by using aniline hydrochloride instead of
aniline; this has triple functions as monomer, dopant, and
modiﬁer for Na+-MMT. Moreover, we report that an interca-
lated PAn/Na+-MMT nanocomposite without modiﬁcation of
Na+-MMT is ﬁrst prepared using in situ emulsion polymeriza-
tion of aniline hydrochloride.2. Materials and methods
2.1. Materials
Aniline (99% purity, Aldrich) was distilled under reduced pres-
sure and stored at low temperature prior to use, aniline hydro-
chloride was obtained from Sigma Aldrich, cetyltrimethyl
ammonium bromide (CTAB) and sodium dodecylsulfate
(SDS) were provided by Merck, Darmstadt, Germany. Na-
montmorillonite (MMT) with cation exchange capacity
(CEC) of 90 mEq/100 g, under trade name Mineral colloid
BP, was purchased from Southern Clay Products Inc. Ammo-
nium peroxydisulfate (APS) and hydrochloric acid (HCl) were
used as received from Alfa Aesar.s treated montmorillonite (MMT-CTAB) and PAn/MMT-CTAB.
0
200
400
600
800
1000
1200
1400
1600
1800
2000
0 2 4 6 8 10 12 14 16 18 20
2 Theta Degree 
In
te
ns
ity
 (C
PS
) 11.21
a
0
200
400
600
800
1000
1200
1400
0 2 4 6 8 10 12 14 16 18 20
2 Theta Degree 
In
te
ns
ity
 (C
PS
)
19.35 b
0
200
400
600
800
1000
1200
1400
1600
0 2 4 6 8 10 12 14 16 18 20
2 theta Degree 
In
te
ns
ity
 (C
PS
)
33.5 
c
0
100
200
300
400
500
600
700
800
900
0 2 4 6 8 10 12 14 16 18 20
2 Theta Degree 
In
te
ns
ity
 (C
PS
)
d
0
50
100
150
200
250
300
350
400
450
500
2 6 10 14 18 22 26 30
2 Theta Degree
In
te
ns
ity
 (C
PS
)
e
Figure 2 XRD of: (a) Na+-MMT, (b) CTAB–MMT, (c) PAn–H+MMT nanocomposites and (d) PAn/MMT-CTAB nanocomposites,
(e) Pure PAn.
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Na+-MMT clay was dispersed in water containing a stoichi-
ometric amount of cetyltrimethyl ammonium bromide
(CTAB) as a cationic surfactant, which causes complete cationexchange, at room temperature then the temperature was in-
creased to 70 C under vigorous stirring for 8 h. The weight ra-
tio of the montmorillonite/water was 1/50. The clay was
separated by ﬁltration and washed several times with distilled
water before vacuum dried at 60 C for 24 h. Complete cation
Figure 3 XRD of PAn nanocomposites prepared by emulsion
polymerization for 6 h using aniline hydrochloride as monomer
and using (0.2 M) of APS as initiator as well as (0.25 M) of SDS as
surfactant with different Na+-MMT contents, (a) 5%, (b) 10%
and (c) 15%.
Figure 4 XRD of PAn/MMT-CTAB nanocomposites prepared
by emulsion polymerization using different MMT-CTA concen-
trations, (0.2 M) APS as initiator for 6 h reaction times. (a) 5%,
(b) 10% and (c) 15%.
a  
c  
Figure 5 SEM images of Pure PAn (a, b
Polyaniline nanocomposites via in situ emulsion polymerization based on montmorillonite: 775exchange was conﬁrmed on the ﬁltrate by the addition of
AgNO3. Finally the clay was ground with a mortar and a pes-
tle into ﬁne powder. The abbreviation, MMT-CTAB refers to
the treated montmorillonite with the cationic surfactants.
2.3. Synthesis of PAn/clay nanocomposite via in situ emulsion
polymerization
The conducting nanocomposites of PAn/clay were prepared by
emulsion polymerization. First an emulsion was formed using
SDS (0.25 M) in water and chloroform with vigorous stirring.
Various weight percentages of MMT-CTAB (5, 10, and
15 wt% based on the monomer concentration) were then dis-
persed in an emulsion. The aniline solution (0.2 M) was added
to the above dispersion with steady stirring. Finally, the initi-
ator solution of APS (0.25 M)/0.1 M HCl aqueous solution
was added dropwise to the solution at 25 C over a period of
30 min with constant stirring to initiate the polymerization of
aniline. The reaction was continuous for 24 h at room temper-
ature, in order to ensure the complete polymerization of
aniline. Then, the polymerization was terminated by pouring
the reaction mixture into acetone, at which the PAn/clay nano-
composites precipitated out. The PAn/clay was thoroughly
washed with deionized water to eliminate the unreacted mono-
mer, excess SDS, and ﬁnally washed with acetone.
2.4. Synthesis of PAn.HCl/clay nanocomposite via in situ
emulsion polymerization
The same procedure was applied for the in situ emulsion poly-
merization of aniline hydrochloride (as monomer and modi-
ﬁer) using ammonium persulfate as oxidizing initiator in the
presence of untreated montmorillonite and in the absence of
SDS. The precipitated composite was thoroughly washed withb  
d  
) and PAn/clay nanocomposites (c, d).
a  b  
c  d  
Figure 6 TEM images of (a, b) PAn/CTA-MMT nanocomposite and (c, d) PAn–H+MMT nanocomposites.
Figure 7 TGA curves of (a) Pure PAn and (b) PAn/H+clay
nanocomposite.
776 M.A. Abd El-Ghaffar et al.deionized water to eliminate the unreacted monomer, and ﬁ-
nally washed with acetone; the powder was dried in a vacuum
oven at 60 C for 24 h.
2.5. Characterization
XRD (X-ray diffraction) patterns of the PAn/Na+montmoril-
lonite nanocomposites were measured on a Philips X-ray dif-
fractometer (PW 1930 generator, PW 1820 goniometer) withTable 1 The steps of weight losses at different temperatures.
1st step
Pure PAn 300 C % loss 10
PAn/H+clay nano-composite 300 C % loss 20CuK radiation source (k= 0.15418 nm). The basal spacing
(dL) was calculated from the (001) reﬂection via Bragg’s equa-
tion. The thermal stability was evaluated on a thermal
gravimetric analyzer (TGA), Perkin Elmer using about 20 mg
of the samples at a heating rate of 10 C/min. under nitrogen
atmosphere. The microstructure of the samples was examined
for very dilute suspensions of the corresponding
PAn/Na+-montmorillonite nanocomposites in water using
JEOL JEM-1230 transmission electron microscope (TEM)
with acceleration voltage of 80 kV. The microscopy probes
of the nanocomposites were prepared by adding small drops
of the water dispersions onto a Lacey carbon ﬁlm coated with
copper grid and allowed to dry initially in air then by applying
high vacuum. Also, scanning electron microscope (SEM), Tes-
can VEGA-II, USA, operated at 20 kV, was used for examin-
ing the clay layer morphologies and surface characters of the
resulting nanocomposites. Fourier transforms infrared spectra
(FTIR) of the sample powders were collected from KBr disks
using a Nicolet, Nexus Spectrophotometer.
The molecular weight values and polydispersity of the
prepared polyaniline were measured using a gel permeation
chromatograph instrument (GPC) with THF as solvent and
PS as standard using Agilent 1100 series, Germany, Detector:
Refractive Index. Plgel particle size (5 lm), pore type (100,
104, 105 A˚) on series, length 7.5 · 300 mm (1000, 500,000).2nd step 3rd step
350 C % loss 70 500 C % loss 87
350 C % loss 25 500 C % loss 77
Table 2 AC conductivity (S cm1) at 25 C of PAn–HCl as well as PAn–H+MMT nanocomposites in dependence of frequency.
Frequency, Hz 3 · 106 1 · 106 5 · 105 2 · 105 1 · 105 5 · 104
PAn–HCl 14 13.8 13.4 13 12.5 12
PAn–H+MMT, 5% 1.2 · 101 1.1 · 101 0.9 · 101 0.7 · 101 0.6 · 101 0.5 · 101
PAn–H+MMT, 10% 1 · 101 0.94 · 101 0.78 · 101 0.55 · 101 0.04 · 101 0.38 · 101
PAn–H+MMT, 15% 0.98 · 101 0.92 · 101 0.83 · 101 0.53 · 101 0.5 · 101 0.37 · 101
Polyaniline nanocomposites via in situ emulsion polymerization based on montmorillonite: 777The AC conductivity measurements were carried out on
disks, prepared by compression at room temperature, in the
temperature range 30–120 C at frequencies from 50 kHz and
up to 5 MHz at maximum current 99 mA using Tioki 3531Z
Hitester 131, Hioki E.E. Corporation-Japan.
3. Results and discussion
The exchange of Na+-montmorillonite clay to the treated
form by replacing the Na+ with an organic cation is a key fac-
tor to improve the compatibilization between the inorganic
clay and polymeric materials of this hybrid composite. This or-
ganic cation may be in the form of initiator, monomer or sur-
factant as in our case (CTAB) and this will lead to increase in
the afﬁnity of the Na+-MMT to the organic phase and shows
maximum swelling in the monomer due to the penetration of
aniline between and onto the inter layer spaces of the clay,
where it can interact inside with the permanent surfactant mol-
ecules by the hydrophobic-hydrophobic and Van Der-Waal
interaction forces. For the given clay, the maximum amount
of cations that can be taken up is constant and is known as
the cation-exchange capacity [CEC]. It is measured in milli-
equivalents per gram [meq/g] or more frequently per 100 g
[meq/100 g]. In the recent years an enormous number of poly-
mer clay nanocomposites were fashioned. The polymers used
included poly methyl methacrylate (Wazzan et al., 2005), and
polystyrene (Wu et al., 2000) polyaniline (Youssef, 2014) while
the most frequently used clay for this category of materials was
montmorillonite because it can be easily intercalated with dif-
ferent kinds of modiﬁers (Youssef et al., 2013). In all cases and
as a preliminary step (Youssef et al., 2010), the layered silicate
(montmorillonite) must be converted to organic modiﬁed sili-
cate by cation exchanging the sodium or the calcium with an
organic modiﬁer as shown in Scheme 2. It is obvious that
CTAB can expand the basal space of montmorillonite from
11.21 to 19.35 A˚; these data are consistent with that obtained
by Tseng et al. Also, CTAB as a modiﬁer acquired better reg-
ularity. Several reaction conditions were tried in order to opti-
mize the different parameters of the polymerization process
that provide enhanced properties if employed. In addition,
there are two idealized polymer clay nanocomposites; interca-
lated and exfoliated ones. In the case of the exfoliated nano-
composites, the silicate layers of the clay became completely
separated into individual layers of nanometer range. These lay-
ers are uniformly dispersed in the polymer phase in case of ani-
line prepared using modiﬁed clay (MMT-CTAB) (Youssef,
2014). On the other hand, extended polymer chains are inter-
calated between the silicate layers causing only expansion to
the original silicate layers from 11.21 to 33.5 A˚. The concept
of conducting the polymerization process in the basal space
of the clay which is of nanometric range, is based on initiating
many growing polymer chains inside this very conﬁned spacewhich might at least expand this space (intercalation) in the
case of using aniline hydrochloride with unmodiﬁed clay
(Na+-MMT).
3.1. The molecular weight (Mw)
The molecular weight (Mw) of the prepared polymer was esti-
mated, using GPC with RI detector, after withdrawal of the
clay layers from the PAn/clay nanocomposite and then mea-
sure the Mw which were found to be in the range of
6.8 · 103–8 · 103 g mol1 with a polydispersity of 1.2.
3.2. FTIR spectra
The intercalation of CTAB was supported–proved by the re-
corded FTIR spectra (Fig. 1b). In addition to the characteristic
peaks of Na+-MMT, observed at 3630, 1036 and 465 cm1 as
shown in Fig 1a, which are ascribed to the OH stretching of the
lattice water, Si–O and Al–O stretching, and Si–O bending,
respectively, some new bands appeared in the case of MMT-
CTAB at 1375 cm1 (–CH3), and 2900 cm
1 (–CH aliphatic).
Also, the characteristic peaks of doped PAn are observed at
3400 cm1 , attributed to N–H stretching mode, while bands
appeared at 3050 cm1 are assigned for the aromatic C–H
stretching, while the bands at 1563, 1474, 1303, 1230, 804,
and 518 cm1, corresponding to quinoid ring structure, benze-
noid ring structure, and out of-plane bending, respectively
(Fig. 1c), this peaks probably due to the physical interaction
between PAn chains and silicate layers (Wazzan et al., 2005;
Wu et al., 2000). This was evidenced as well from the X-ray
pattern shown in Fig. 2. It is obvious that CTAB can expand
the basal space of montmorillonite effectively.
3.3. The X-ray diffraction (XRD)
The X-ray diffraction (XRD) proﬁle clearly shows that differ-
ent basal spacings are arranged in a random fashion in the case
of CTAB compared with PAn/clay nanocomposites which is
likely to afford easier exfoliation or intercalation upon con-
ducting the in situ polymerization. Several reaction conditions
were tried in order to optimize the different parameters of the
polymerization process that provide enhanced properties if
employed. Moreover, X-ray diffraction (XRD) has often been
used for determining the degree of intercalation and/or exfoli-
ation of clay in the polymer matrix. When XRD patterns for
pristine clay (Na+-MMT), PAn/MMT-CTAB and PAnH+-
MMT nanocomposites are compared with each other, as
shown in Fig. 2, the following facts are realized. First, the d-
spacing of Na+-MMT in MMT-CTAB increases from
11.21 A˚ in pristine clay to 19.35 A˚, as shown in Fig. 2a and
b, indicating that the surfactant molecules are intercalated into
778 M.A. Abd El-Ghaffar et al.the gallery of clay layers. Also, in the case of PAnH+-MMT
the PAn chains intercalated between the MMT layers by
replacing the Na+ and the polymerization process takes place
between the clay layers which lead to increase in the basal
spacing to 33.5 A˚ as revealed in Fig. 2c (intercalated). By car-
rying out the in situ oxidative polymerization of aniline in the
occurrence of MMT-CTA form, most of clay layers are dis-
persed in the polymer matrix (exfoliated) as can be seen in
Fig. 2d. Furthermore, for pure PAn, two peaks were observed
at around 2h= 20 and 27. The peak centered at 2h= 20
may be attributed to periodicity parallel to the polymer chain,
while the peaks at 2h= 27 may be due to the periodicity per-
pendicular to the polymer chain (Kim et al., 2002).
Figs. 3 and 4 represent the X-ray diffraction patterns of
some PAn–MMT nanocomposites prepared using MMT and
MMT-CTA forms. It was found that the tendency for exfolia-
tion is more pronounced in the case of MMT-CTA for the
same concentration of the initiator; the d-spacing of MMT-
CTA is greater than in the case of pristine clay so, it is thought
to be making the reaction more favorable and leading to exfo-
liated nanocomposites by conducting MMT-CTA concentra-
tions (5–15%) (Fig. 4a–c). On the other hand, when MMT
was used without any modiﬁcation, the tendency for intercala-
tion is predominant (Fig. 3a–c). Furthermore, Fig. 3 demon-
strated that by increasing the concentrations of the clay ratio
from 5% to 15% the d-spacing decreases from 35.6 A˚ to
17.2 A˚ as the polymer contents necessary to cause the exfolia-
tion and keeping the clay platelets away from each other are
less.
3.4. SEM images
SEM images illustrated the formation of granular structure
which is the most typical form for PAn prepared in the classic
way in acidic aqueous media (Youssef, 2014) (Fig. 5a and b).
The changes in the morphology are remarkable for the PAn/
clay nanocomposites, an ill-shaped tubular like crust is now
coating the surface of clay layers clearly (the rough part) as re-
vealed in Fig. 6c and d.
3.5. TEM images
To more clearly identify exfoliated or intercalated structures of
the PAn/clay nanocomposites, TEM images were done for the
different nanocomposite formulations. It is clearly seen from
Fig. 6, that the gray/white area represents the polymer matrix
and dark stripes represent the clay layers. TEM images of
PAn/MMT-CTA (Fig. 6a and b) conﬁrm completely exfoliated
structures, i.e., the clay layers are uniformly dispersed in the
polymer matrix. Conversely, the TEM image of PAn–
H+MMT (Fig. 6c and d) shows that the prepared nanocom-
posite has a considerable amount of stacked layers in which
polymer chains are intercalated, which is reliable with the re-
sults of X-ray diffraction (Figs. 3 and 4) respectively.
3.6. Thermal stability
The thermal stability of the pure PAn and the prepared PAn/
clay nanocomposite do not show any signiﬁcant weight loss up
to 160 C, and from 160 C, up to 300 C, pure PAn shows bet-
ter thermal stability than PAn/clay nanocomposite. Startingfrom 300 C, pure PAn showed sharp decomposition where
it loses the majority of its weight, on contrast to PAn/clay
nanocomposite which showed better thermal stability in this
stage and retaining 70% of its initial mass up to 350 C as
can be seen from the thermograph illustrated in Fig. 7. Table 1
shows the different steps for thermal decomposition of pure
polyaniline and PAn/clay nanocomposite which indicated that
the PAnH+/clay nanocomposite is more thermally stable,
which is probably due to the attractive Columbic interaction
between the positively charged nitrogen of the anilinium moi-
ety and the negatively charged surface of the clay layer.
3.7. The AC conductivity
The conductivity values of PAn nanocomposites measured as
pellets are given in Table 2. However, the AC conductivity,
measured at a wide frequency range, remained temperature
independent. The conductivity of the PAn nanocomposites is
in the range of 0.05–0.12 S/cm. The higher conductivity of
PAnH+ obtained by the emulsion pathway could be due to
a more homogenous protonation of the imine nitrogen of the
anilinium moiety and more ordered chain conformation of
the polymer (Youssef et al., 2012a, 2013). The conductivity
of the PAn–MMT nanocomposites was found to be less than
pure PAnH+Cl, which shows higher conductivity values (12–
14 S/cm).
4. Conclusion
Cetyltrimethyl ammonium bromide was used to organophilize
the clay to prepare (MMT-CTA) form and the basal space in-
creased after the organophilization from 11.21 to 19.35 A˚. Fur-
thermore, the basal space increased to 35 A˚, when aniline
hydrochloride was used to prepare PAn/H+MMT nanocom-
posites as evidenced by X-ray diffraction. Successful prepara-
tion of exfoliated and intercalated (PAn)/clay
nanocomposites via in situ emulsion polymerization pathway
of aniline, aniline hydrochloride onto the layers of Na+-mont-
morillonite. The XRD showed exfoliated and intercalated
nanocomposites. The prepared nanocomposites exhibited bet-
ter thermal stability as compared with pure polyaniline, and
the conductivity of the prepared PAn–H+MMT nanocompos-
ites was found to be in the range of 0.037–0.120 S/cm with re-
spect to average value of 12–14 S/cm that belongs to
(emeraldine salt) PAn–HCl for a given frequency.References
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